Mortality and complication rates after on-pump versus off-pump coronary artery bypass grafting (CABG), and open lung lobectomy (OL) versus video-assisted lobectomy (VAL), have previously been reported, but further research regarding functional outcomes is needed. This study compared functional recovery at discharge between patients who underwent on-pump versus off-pump CABG, and OL versus VAL. In patients discharged during July to December, from 2006 to 2010, functional recovery was measured by comparing the Barthel index at admission and discharge. Complication rates and functional deterioration were compared in propensity score-matched groups of patients aged over 15 years who underwent isolated CABG of two or more arteries or lobectomy, and survived until discharge. The study included 3,901 on-pump CABG patients, 3,672 off-pump CABG patients, 6,029 OL patients, and 14,378 VAL patients. Patient and hospital characteristics, comorbidities, and preoperative care procedures were associated with on-pump versus off-pump CABG, and OL versus VAL, but functional deterioration was not. The complication rate was lower after VAL than OL. Dependent functional status at admission was associated with functional deterioration in patients who underwent lobectomy. Multidisciplinary treatment strategies to maintain functional status should be developed, and appropriate indications for lobectomy according to functional status at admission should be determined.
INTRODUCTION
With the increasing size of the elderly population, the number of disabled elderly individuals is increasing. According to the Organization for Economic Co-operation *Corresponding author. E-mail: kazu228@basil.ocn.ne.jp. Tel: +81-92-642-6956. Fax: +81-92-642-6961.
and Development (OECD) StatExtracts 2011, the proportion of the Japanese population aged over 65 years increased from 9.1% in 1980 to 23.1% in 2010 (for the United States, this proportion increased from 11.3 to 13.0% during the same time period) (OECD StatExtracts, 2011) . As a growing number of elderly individuals develop cardiovascular and lung diseases, there is an increasing need for treatments that are less invasive and provide better functional outcomes. Previous studies have compared postoperative complication and mortality rates between patients who underwent on-pump versus offpump coronary artery bypass grafting (CABG) , and open lung lobectomy (OL) versus video-assisted lobectomy (VAL) (Angelini et al., 2009; Gopaldas et al., 2010; Kapetanakis et al., 2008; Kiernan et al., 2011; Kuss et al., 2010; Lim et al., 2006; Mishra et al., 2006; Motallebzadeh et al., 2006; Rivera et al., 2011) .
Although the usefulness of off-pump CABG and VAL have been validated in randomized studies of selected subjects, it is desirable to conduct community-based studies to confirm the safety and effectiveness of minimally invasive surgery (MIS) procedures (off-pump CABG and VAL) versus conventional procedures (on-pump CABG and OL), to assist in determining appropriate procedure choices, and in implementing relevant healthcare policies (Kiernan et al., 2011; Kuss et al., 2010; Lim et al., 2006; Mishra et al., 2006; Rivera et al., 2011) .
Previous studies used variable designs and definitions of disease severity (Kuss et al., 2010; Lim et al., 2006) . The effects of selection bias have also been discussed (Gopaldas et al., 2010; Kiernan et al., 2011; Mishra et al., 2006; Rivera et al., 2011) . Outcomes have been investigated in terms of mortality and complication rates, but functional recovery at discharge has not been sufficiently investigated (Angelini et al., 2009; Kapetanakis et al., 2008; Motallebzadeh et al., 2006) . Our Japanese database which includes both functional status information and procedure-based severity information, enables comparisons of functional recovery between propensity score-matched groups of patients who underwent MIS versus conventional procedures. Analysis of such a large population-based database can help to determine the appropriate indications for surgical procedures.
This study used the Japanese administrative database, including data describing functional status at admission and discharge, and the dates and quantities of medical care items used to compare functional outcomes between on-pump versus off-pump CABG and OL versus VAL.
MATERIALS AND METHODS

Database
This was a secondary data analysis embedded in a government research project to develop the Japanese case-mix classification. In cooperation with the Ministry of Health, Labour and Welfare (MHLW), our research team started this project in 2001, using the administrative database for 2001 and 2002 to profile hospital performance and develop the payment system. All 82 academic hospitals in Japan participated in this project, and the number of participating community hospitals increased from 92 in 2003 to 1,650 in 2010 (Ministry of Health, Labour and Welfare, 2011 
Study patients
Of the 12,502,528 patients discharged during the 5 years from 2006, 26,472 patients who underwent coronary artery surgery (CABG or intraoperative angioplasty) in 408 hospitals, and 84,564 patients who underwent lung resection (wedge resection, partial lobectomy, lobectomy, or sleeve resection) in 900 hospitals, were identified. Patients who underwent CABG of two or more coronary vessels (22,506 patients in 404 hospitals), or resection of one or more lobes with or without sleeve resection (54,462 patients in 774 hospitals), were included in this study. Next, we enrolled the patients who were discharged from the hospitals participating in our project during the 5 consecutive years, from 2006 in this study. Patients aged less than 15 years, who had missing barthel index (BI) data, and who underwent aneurysmectomy or valve surgery during the same hospitalization were excluded.
Definitions of variables
The following variables were compared between on-pump and offpump CABG, and between OL and VAL: age, sex, ambulance use, functional status measured by the BI, weighted comorbidity score measured by the Charlson comorbidity index (CCI), complication rates, length of intensive care unit (ICU) stay, percutaneous coronary intervention (PCI), critical care procedures, blood transfusion, chemoradiation therapy, operating room (OR) time, hospital patient volume, hospital teaching status (academic or community) and fiscal year (FY).
The critical care procedures recorded were pre-and postoperative mechanical ventilation, blood purification (hemodialysis, hemodiafiltration, or hemadsorption), and use of cardiac support devices (intra-aortic balloon pump, percutaneous cardiopulmonary support, or ventricular assist system). Preoperative critical care procedures and blood transfusion were used as markers of preoperative organ failure and anemia, respectively. PCI included pre-and postoperative thrombolysis, balloon angioplasty, stent insertion, and atherectomy because hybrid coronary artery revascularization was advocated (Holzhey et al., 2008) . OR time included the time to implement monitoring, induce anesthesia, position the patient, and perform surgery.
Functional change was measured by the change in BI during hospitalization in patients who survived to discharge. The BI measures the ability performance in 10 activities of daily living (feeding, grooming, bathing, dressing, bowel and bladder care, toilet use, ambulation, transfers, and stair climbing) on a five-point scale, with scores ranging from 0 (totally dependent) to 100 (fully independent) (Sulter et al., 1999) . The BI at admission was categorized as dependent (< 59), partially independent requiring assistance (60 to 84), or nearly completely independent (≥ 85), because it was expected that change in functional status during hospitalization would be associated with the functional status at admission (Kugler et al., 2003) . Functional outcome was defined as BI at discharge minus BI at admission, and was categorized as improvement, no change, or deterioration (Kugler et al., 2003) .
Age was divided into three categories: 15 to 64, 65 to 74, and ≥ 75 years. Up to four comorbidities and four complications were recorded per patient, and were indexed according to the International Classification of Diseases (ICD), 10th edition. The severity of chronic comorbid conditions was assessed using the CCI (Sundararajan et al., 2004) . Minor and major complications were examined. Minor complications were classified as present if the ICD codes corresponded with wound complications, hematoma and laceration, or disruption of organs by instrumentation or manipulation (T81 to T87) (Zhan and Miller, 2003) . Major complications were defined as complications requiring reoperation for hemostasis and evacuation of hematoma, or intra-thoracic abscess. As information regarding surgeon experience was not recorded, hospital CABG and lung resection volumes were averaged over 5 years and divided into three groups: high-volume hospitals (HVHs), medium-volume hospitals (MVHs), and lowvolume hospitals (LVHs); so that the three groups consisted of relatively equal numbers of patients ( 
Statistical analysis
Categorical data were compared between the on-and off-pump CABG groups and between the OL and VAL groups using the Chisquare test. Continuous variables were compared between MIS and conventional procedures using analysis of variance. Logistic regression models were used to identify recorded preoperative variables associated with the choice of on-pump versus off-pump CABG, and OL versus VAL. Propensity score-matched cohorts with equal proportions of patients likely to receive on-pump versus offpump CABG, or OL versus VAL, were selected. Postoperative critical care procedures, blood transfusion, complication rates, and deterioration in BI were compared between these cohorts. Logistic regression models were also used to analyze associations between MIS versus conventional procedures, and complication rates or deterioration in BI. The model for analysis of complication rates included preoperative critical care procedures, deterioration in BI, and overall critical care procedures. Statistical analyses were performed using International business machines-Statistical package for the social sciences (IBM-SPSS) version 19.0. A value of p < 0.05 was considered to be statistically significant.
RESULTS
Of all the patients reviewed in 263 hospitals, 3,901 onpump CABG patients in 164 hospitals (692 in 36 academic hospitals), 3,672 off-pump CABG patients in 152 hospitals (1,126 in 34 academic hospitals), 6,029 OL patients in 225 hospitals (1,759 in 36 academic hospitals), and 14,378 VAL patients in 242 hospitals (4,975 in 37 academic hospitals) were identified. Comparisons of patient characteristics between groups showed that the categories of age, sex, and BI at admission were significantly different between patients who underwent on-pump versus off-pump CABG, and the categories of sex and CCI were significantly different between patients who underwent OL versus VAL. Comparisons of hospital characteristics between groups showed that there were significant differences in the categories of hospital patient volume and hospital teaching status between patients who underwent on-pump versus off-pump CABG, and OL versus VAL (Table 1) .
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and mechanical ventilation were more frequent in patients who underwent on-pump versus off-pump CABG. ICU care, blood transfusion, mechanical ventilation, and chemoradiation therapy were more frequent in patients who underwent OL versus VAL. OR time was significantly longer in patients who underwent on-pump versus offpump CABG, and OL versus VAL. The proportions of patients who developed deterioration in BI were higher in patients who underwent on-pump versus off-pump CABG, and OL versus VAL. The complication rate was higher in patients who underwent OL versus VAL (Table 2) . Age, sex, CCI, preoperative PCI, preoperative blood transfusion, hospital teaching status, hospital patient volume, and FY were associated with the choice of onpump versus off-pump CABG; and sex, CCI, BI at admission, preoperative blood transfusion, preoperative blood purification, hospital teaching status, hospital patient volume, and FY were associated with the choice of OL versus VAL (Table 3) . Table 4 shows the intensive care procedures and outcomes in propensity score-matched CABG patients (n = 3,672) and lobectomy patients (n = 12,002). The rates of overall ICU stay, blood transfusion, and mechanical ventilation were higher in patients who underwent onpump versus off-pump CABG, and VAL versus OL. OR time was significantly longer in patients who underwent on-pump versus off-pump CABG, and OL versus VAL. The complication rate was higher in patients who underwent OL versus VAL, but not in those who underwent on-pump versus off-pump CABG.
Complication rates were associated with the type of lung lobectomy but not the type of CABG (off-pump CABG: odds ratio 1.143 [95% confidence interval 0.973 to 1.344]; VAL: odds ratio 0.774 [95% confidence interval 0.688 to 0.870]). Off-pump CABG and VAL were not associated with deterioration in BI. In patients who underwent lobectomy, functional status at admission, mechanical ventilation, and blood transfusion were significantly associated with deterioration in BI, but complications were not (Table 5) .
DISCUSSION
This study evaluated whether undergoing off-pump versus on-pump CABG, or VAL versus OL was associated with complication rates or functional outcomes. After adjustment for patient characteristics, preoperative critical care procedures and hospital characteristics, VAL was associated with a lower complication rate than OL. Complication rates and functional deterioration were not associated with on-pump versus off-pump CABG.
Previous studies evaluated the usefulness of off-pump CABG and VAL based on complication and mortality rates. Quality improvement initiatives in ICUs and multidisciplinary cardiac rehabilitation programs have decreased mortality and complication rates and increased quality of life (Brahmbhatt et al., 2010; Suaya et al., 2009 2009). It is important to conduct studies of functional outcomes after MIS procedures to determine efficient allocation of healthcare financing and to improve outcomes in elderly patients (OECD StatExtracts, 2011; Suzuki, 2009) . In this study, the use of VAL was found to increase over the years, but the use of off-pump CABG was not. Some minimally invasive procedures may not have significant advantages over conventional procedures. For example, it was determined that the differences in outcomes after laparoscopic versus open appendectomy did not justify the increased costs of laparoscopic surgery, and the type of appendectomy performed is now determined by the preferences of patients and physicians (Cothren et al., 2005) . Researchers may well discover other advantages of MIS procedures that would justify our study (Angelini et al., 2009; Kapetanakis et al.,2008; Kiernan et al., 2011; Motallebzadeh et al., 2006; Rivera et al., 2011) .
Administrative databases such as the one used in this study are useful for the evaluation of functional outcomes after MIS procedures. Studies in stroke patients found that functional status was low immediately after discharge and started to recover after about 30 days, reaching a plateau at 90 to 180 days (Dowdy et al., 2005; Sacanella et al., 2011; Sulter et al., 1999) . In this study, the mean lengths of stay were 32 or 37 days for CABG and 15 or 22 days for lobectomy, which is longer than the lengths of stay reported in Western countries (Gopaldas et al., 2010; Kiernan et al., 2011; Mishra et al., 2006; Rivera et al., 2011) . The OECD has acknowledged that acute care hospitals have different roles in Japan than in Western countries (OECD, 2005) . The longer length of stay in Japanese hospitals gives us additional information regarding postoperative functional outcomes. In this study, functional outcomes were not significantly better after off-pump versus on-pump CABG, which is consistent with the results of other studies that measured quality of life using the Short-Form 36, and found no significant differences in general health status at 30 to 360 days between patients who underwent on-pump versus off-pump CABG (Angelini et al., 2009; Kapetanakis et al., 2008; Motallebzadeh et al., 2006) . Functional deterioration was not significantly different after VAL versus OL, although the complication rate was lower after VAL. This finding could provide further validation of the usefulness of VAL, in combination with the findings of other studies that evaluated the advantages and disadvantages of VAL versus OL (Kiernan et al., 2011) .
As lower BI at admission and advancing FY were associated with higher complication rates and worse functional outcomes in patients who underwent lobectomy, policymakers may pay more attention to promoting VAL than off-pump CABG. Patients who underwent lobectomy may have had different preoperative characteristics than those who underwent CABG. Unlike CABG, lobectomy inherently reduces vital organ capacity, and functional recovery is therefore expected to be less after lobectomy than after CABG. As pre-and postoperative, some critical care procedures were associated with BI deterioration in BI for lobectomy patients; it is more important to monitor the quality of critical care rather than in CABG patients. As functional status at admission was associated with functional outcomes in this study, as well as in other studies, appropriate indications for lobectomy should be determined, and relevant skills training and coordination of multidisciplinary treatment among intensivists, cardiologists, OR staff, and rehabilitation staff should be encouraged (Brahmbhatt et al., 2010; Holzhey et al., 2008; Suaya, 2009) .
This study has some limitations that should be considered. First, only data from patients discharged during a 6-month period each year for 5 years were analyzed. Even though patients were matched for many significant covariates that could affect the choice of MIS versus conventional procedures, there may be additional variables associated with this choice that were not taken into consideration. The database has now started to record the postal codes of patients, and the study period has been extended to include the whole year from 2010. The methodology of future observational studies can therefore be strengthened by analyzing the distance between home and hospital and by using a larger database (Suaya et al., 2009) .
Second, some variables such as the American Society of Anesthesiologists score and cancer stage were not included in the analyses. As there are concerns that these scales do give precise indications of functional status, the current study analyzed intensive care procedures, indicating organ failure and advanced cancer stage instead. For example, use of intra-aortic balloon pumping indicates severe coronary artery disease, and administration of chemoradiation therapy indicates advanced cancer stage. These analyses also support the development of quality improvement initiatives for critical care procedures (Brahmbhatt et al., 2010) .
Finally, patients aged less than 15 years or with missing BI data were excluded from our analyses. Although the differences between the included and excluded patient groups appear to be significant, these differences are not large enough to distort our results (Annex Table 1 ).
Conclusion
This study evaluated differences in complication rates and functional outcomes between patients who underwent on-pump versus off-pump CABG, and OL versus VAL. In propensity score-matched groups of patients who underwent CABG and lobectomy, postoperative complication rates were lower in patients who underwent VAL versus OL, but not off-pump versus on-pump CABG. Functional deterioration was not significantly different between MIS and conventional procedures for either CABG or lobectomy. As the physical status at admission was associated with functional outcome in patients who underwent lobectomy, the appropriate indications for VAL should be determined, and perioperative treatment strategies to maintain functional status during hospitalization should be implemented. 
